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CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2000-364504, filed November 30, 2000, 
the entire contents of which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a quadrature modulation 
apparatus for performing quadrature modulation for two- 
channel base-band signals, a radio transmission 
apparatus using the quadrature modulation apparatus and 
a quadrature modulation method. 

2. Description of the Related Art 

A quadrature modulation apparatus respectively 
multiplies Ich and Qch base-band modulation signals by 
two local signals. The two local signals each have a 
fundamental wave of a predetermined frequency fif and 
the phase difference therebetween is 90° . A modulation 
signal is derived by adding together the results of 
multiplication of the Ich and Qch signals. 

For example, the thus derived modulation signal is 
amplified by a non-linear amplifier and used for radio 
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transmission. However, a modulation signal output from 
the quadrature modulation apparatus contains harmonic 
components. Therefore, if the modulation signal is 
amplified as it is by the non-linear amplifier, various 
5 intermodulation components appear in the modulation 

signal obtained after amplification. Since the 
frequency separation amount of a 3rd intermodulation 
component among the above intermodulation components 
with respect to the fundamental wave is small, it is 

10 difficult to suppress the same even if a filter is 

provided in the succeeding stage of the non-linear 
amplifier and the 3rd intermodulation component is 
output to the exterior as it is and processed as a 
spurious wave. Such a spurious wave causes a problem 

15 that power of the output signal leaking to the adjacent 

channel increases, lowering the modulation accuracy of 
the output signal. 

If the frequency of the fundamental wave of the 
modulation signal is (fif+fgg) , the frequency of a 3rd 

20 harmonics of modulation signal becomes (3fif-f BB ) . In 

this specification, the 3rd harmonics of modulation 
signal is hereinafter referred to as a 3rd wave. 

An output signal of the non-linear amplifier 
obtained when the fundamental wave (fif+f BB ) and 3rd 

25 wave (3fif-f BB ) are input to the non-linear amplifier 

is explained in detail below. 

If the frequencies of two input signals are set at 



fl, f2, a 3rd intermodulation component caused in the 
output signal of the non-linear amplifier can be 
expressed as follows. 
(-2) xfl+ (+1) xf2 

Assuming that fl=fif+f BB and f2=3fif-f BB , the 
following equation can be attained and a signal 
(fif-3f BB ) is derived as the 3rd intermodulation 
component . 

(-2)xfl+(+l) xf2 = (-2)x(fif+f BB )+(+i)x (3fif-f BB ) 
= fif-3f BB 

Since the coefficient of the term (3fif-f BB ) in 
the equation for deriving the intermodulation component 
is (+1) , the 3rd intermodulation component increases by 
A [dB] if the 3rd wave (3fif-f BB ) in the input signal 
to the non-linear amplifier increases by A [dB] . That 
is, the 3rd intermodulation component increases in the 
ratio of 1:1 with respect to the 3rd wave. Therefore, 
the 3rd intermodulation component can be reduced by 
suppressing the level of the 3rd wave in the modulation 
signal . 

In the conventional quadrature modulation 
apparatus, an attempt is made to provide a low-pass 
filter and output a modulation signal after suppressing 
the level of the 3rd wave by use of the low-pass filter. 

In this case, since the level of the 3rd wave of 
the input of the non-linear amplifier and the level of 
the 3rd intermodulation component of the output from 



the non-linear amplifier correspond to each other in 
the ratio of 1:1 as described before, the relation 
between the suppression ratio of the 3rd wave in the 
low-pass filer and the suppression ratio of the 3rd 
5 intermodulation component (spurious wave) in the output 

from the non-linear amplifier is also set at 1:1. 

From the above fact, the 3rd intermodulation 
component of a modulation signal after being amplified 
by the non-linear amplifier can be suppressed by X [dB] 
10 as shown in FIG. 1C by suppressing the 3rd wave of the 

modulation signal having a spectrum as shown in FIG. 1A 
by X [dB] as shown in FIG. IB by use of a low-pass 
filter. 

Therefore, the 3rd intermodulation component can 
15 be suppressed to a lower level as a low-pass filter 

having a larger suppression ratio with respect to the 
frequency of the 3rd wave is used. However, in this 
case, since the signal level is lowered if the 
fundamental wave is also suppressed, it is required for 
20 the low-pass filter to have a characteristic which 

permits the frequency component of the fundamental wave 
to sufficiently pass therethrough. 

As a result, the low-pass filter in which the 
suppression ratio X [dB] for the 3rd wave is set 
25 sufficiently large is required to have a steeply 

changing frequency-gain characteristic as shown in 
FIG. 2. 



However, the low-pass filter having such a steeply- 
changing frequency-gain characteristic as shown in 
FIG. 2 becomes complicated in construction. 
Consequently, there occurs a problem that the size 
increases, the weight increases and the cost rises. 
BRIEF SUMMARY OF THE INVENTION 

An object of this invention is to efficiently 
reduce harmonic waves of a modulation signal by use of 
a low-pass filter which has a relatively small 
suppression ratio for the harmonic waves and a smoothly 
changing frequency-gain characteristic and is simple in 
construction . 

The above object can be attained by a quadrature 
modulation apparatus comprising local signal generator 
which generates two local signals each having a 
fundamental wave of a predetermined frequency and 
having a 90° phase difference therebetween, two low- 
pass filters which suppresses high-frequency band 
components of the two local signals generated from the 
local signal generator, each of the high-frequency band 
components containing the fundamental wave, and 
modulator which inputs the two local signals 
respectively outputs from the two low-pass filters and 
which outputs two-channel quadrature modulated base- 
band signals. 

Further, the above object can be attained by a 
radio transmission apparatus comprising local signal 
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generator which generates two local signals each having 
a fundamental wave of a predetermined frequency and 
having a 90° phase difference therebetween, two low- 
pass filters which suppresses high-frequency band 
5 components of the two local signals generated from the 

local signal generator, each of the high-frequency band 
components containing the fundamental wave, modulator 
which inputs the two local signals respectively outputs 
from the two low-pass filters which outputs two-channel 

10 quadrature modulated base-band signals, and transmitter 

which transmits the modulated signal. 

In addition, the above object can be attained by a 
quadrature modulation method comprising the steps of 
generating two local signals each having a fundamental 

15 wave of a predetermined frequency and having a 90° 

phase difference therebetween; suppressing high- 
frequency band components of the two local signals, 
each of the high-frequency band components containing 
the fundamental wave; and subjecting two-channel base- 

20 band signals to quadrature modulation by use of the two 

local signals whose high-frequency band components are 
suppressed. 

Additional objects and advantages of the present 
invention will be set forth in the description which 
25 follows, and in part will be obvious from the 

description, or may be learned by practice of the 
present invention. The objects and advantages of the 
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invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed 
out hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
5 The accompanying drawings, which are incorporated 

in and constitute a part of the specification, 
illustrate presently preferred embodiments of the 
present invention, and together with the general 
description given above and the detailed description of 

10 the preferred embodiments given below, serve to explain 

the principles of the present invention. 

FIGS. 1A, IB, 1C are spectrum diagrams showing the 
state of distribution of a fundamental wave, 3rd wave 
and 3rd intermodulation component; 

15 FIG. 2 is a diagram showing the frequency-gain 

characteristic required for a low-pass filter provided 
for the conventional quadrature modulation apparatus; 

FIG. 3 is a block diagram showing the construction 
of the main portion of a quadrature modulation 

20 apparatus according to a first embodiment of this 

invention; 

FIG. 4 is a diagram showing the frequency-gain 
characteristic of low-pass filters 3a, 3b shown in 
FIG. 3; 

25 FIG. 5 is a block diagram showing the construction 

of a first embodiment of a radio transmission apparatus 
constructed by using the quadrature modulation 



apparatus shown in FIG. 3; 

FIGS. 6A, 6B, 6C, 6D are spectrum diagrams showing 
the state of distribution of a fundamental wave, 3rd 
wave and 3rd intermodulation component in respective 
portions of the radio transmission apparatus shown in 
FIG . 5; 

FIG. 7 is a diagram showing the relation between 
the local signal input to the quadrature modulator 3 
shown in FIG. 3 and the 3rd wave of the modulation 
signal output from the quadrature modulator 3; 

FIG. 8 is a block diagram showing the construction 
of a second embodiment of a radio transmission 
apparatus constructed by using the quadrature 
modulation apparatus shown in FIG. 3; 

FIG. 9 is a block diagram showing the construction 
of a third embodiment of a radio transmission apparatus 
constructed by using the quadrature modulation 
apparatus shown in FIG. 3; 

FIG. 10 is a block diagram showing the 
construction of a fourth embodiment of a radio 
transmission apparatus constructed by using the 
guadrature modulation apparatus shown in FIG. 3; 

FIG. 11 is a block diagram showing the 
construction of a fifth embodiment of a radio 
transmission apparatus constructed by using the 
quadrature modulation apparatus shown in FIG. 3; 

FIG. 12 is a block diagram showing the 
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construction of a sixth embodiment of a radio 
transmission apparatus constructed by using the 
quadrature modulation apparatus shown in FIG. 3; 
FIG. 13 is a block diagram showing the 
5 construction of a seventh embodiment of a radio 

transmission apparatus constructed by using the 
quadrature modulation apparatus shown in FIG. 3; 

FIG. 14 is a block diagram showing the 
construction of an eighth embodiment of a radio 
10 transmission apparatus constructed by using the 

quadrature modulation apparatus shown in FIG. 3; and 

FIG. 15 is a block diagram showing the 
construction of a ninth embodiment of a radio 
transmission apparatus constructed by using the 
15 quadrature modulation apparatus shown in FIG. 3. 

DETAILED DESCRIPTION OF THE INVENTION 
There will now be described embodiments of this 
invention with reference to the accompanying drawings. 

FIG. 3 is a block diagram showing the construction 
20 of the main portion of a quadrature modulation 

apparatus according to a first embodiment of this 
invention . 

As shown in FIG. 3, the quadrature modulation 
apparatus of this embodiment includes a local 
25 synthesizer 1, a 90° phase shifter 2 used as local 

signal generating means, low-pass filters 3a, 3b, 
multipliers 4a, 4b and an adder 5. 
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The local synthesizer 1 generates a local signal 
having a fundamental wave of a predetermined frequency 
fif and supplies the local signal to the 90° phase 
shifter 2. 

5 The 90° phase shifter 2 divides the local signal 

into two local signals having a 90° phase difference 
therebetween. Then, the 90° phase shifter 2 supplies 
the two local signals to the respective low-pass 
filters 3a, 3b. 

10 The low-pass filters 3a, 3b permit the local 

signals supplied from the 90° phase shifter 2 to pass 
therethrough without suppressing the low-frequency 
components of the local signals. The low-frequency 
components which are permitted to pass through the low- 

15 pass filters 3a, 3b without being suppressed do not 

contain the fundamental wave of the local signal. That 
is, each of the low-pass filters 3a, 3b has a 
frequency-gain characteristic as shown in FIG. 4, for 
example, and suppresses the fundamental wave and 

20 harmonic waves of the local signal. The low-pass 

filters 3a, 3b respectively supply local signals whose 
high-frequency components are suppressed to the two 
multipliers 4a, 4b. 

Ich and Qch base-band modulation signals are 

25 respectively supplied to the multipliers 4a, 4b. The 

multipliers 4a, 4b multiply the base-band modulation 
signals by the local signals respectively supplied 



thereto. The multipliers 4a, 4b supply the results of 
multiplication to the adder 5. 

The adder 5 adds together the outputs of the 
multipliers 4a, 4b and outputs the result of addition 
as a modulation signal used as the result of quadrature 
modulation . 

Thus, the Ich and Qch base-band modulation signals 
are subjected to the quadrature modulation by use of 
the multipliers 4a, 4b and adder 5 and modulation means 
is constructed by the multipliers 4a, 4b and adder 5. 

The construction of the quadrature modulation 
apparatus of this embodiment has been explained and 
some embodiments of a radio transmission apparatus 
using the quadrature modulation apparatus are explained 
below. 

(First Embodiment) 

FIG. 5 is a block diagram showing the construction 
of the main portion of a radio transmission apparatus 
constructed by using the quadrature modulation 
apparatus 100 shown in FIG. 3. Portions which are the 
same as those shown in FIG. 3 are denoted by the same 
reference numerals and a detail explanation is 
therefore omitted. 

As shown in FIG. 5, the radio transmission 
apparatus of this embodiment includes the quadrature 
modulation apparatus 100, non-linear amplifier 7, 1/R 
frequency divider 8, phase comparator 9, loop filter 10, 



voltage-controlled oscillator 11, main amplifier 12, 
antenna 13, attenuator 14, down-converting mixer 15, 
local synthesizer 16, band-pass filter 17, non-linear 
amplifier 18 and 1/N frequency divider 19. 

The quadrature modulation apparatus 100 is the 
same as that shown in FIG. 3. A modulation signal 
output from the quadrature modulation apparatus 100 is 
supplied to the non-linear amplifier 7 which in turn 
amplifies the modulation signal so that the amplitude 
thereof can be set to an adequate amplitude level. 
Then, the modulation signal after being amplified by 
the non-linear amplifier 7 is frequency-divided by the 
1/R frequency divider 8 so that the frequency of the 
modulation signal will be divided by R and then the 
modulation signal is supplied to the phase comparator 9. 

A signal from the 1/N frequency divider 19 is also 
supplied to the phase comparator 9 in addition to the 
signal from the 1/R frequency divider 8. The phase 
comparator 9 compares the phases of the two input 
signals and outputs a control signal having a voltage 
level corresponding to the phase difference between the 
signals. Unwanted harmonic waves and noise of the 
control signal output from the phase comparator 9 
are eliminated by the loop filter 10 and then the 
control signal is supplied to the voltage-controlled 
oscillator 11. 

The voltage-controlled oscillator 11 oscillates at 
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a frequency corresponding to the voltage level of the 
control signal supplied from the loop filter 10 and 
outputs a signal obtained by oscillation as a 
transmission signal. The voltage-controlled oscillator 
5 11 generates a transmission signal having the central 

frequency belonging to a predetermined system 
communication frequency band. The transmission signal 
output from the voltage-controlled oscillator 11 is 
amplified by the main amplifier 12 to a power level 

10 required for radio transmission and then supplied to 

the antenna 13. The transmission signal is emitted 
from the antenna 13 into space as radio waves. 

The transmission signal output from the voltage- 
controlled oscillator 11 is branched and input to the 

15 attenuator 14 and attenuated to an adequate amplitude 

level in the attenuator 14. Then, the transmission 
signal attenuated by the attenuator 14 is multiplied by 
a local signal generated by the local synthesizer 16 
and thus down-converted in the down-converting mixer 15. 

2 0 Unwanted frequency components of the thus down- 

converted transmission signal are eliminated by the 
band-pass filter 17 and then the transmission signal is 
amplified by the non-linear amplifier 18 so that the 
amplitude thereof will be set to an adequate amplitude 

25 level. The modulation signal after being amplified by 

the non-linear amplifier 18 is frequency-divided by the 
1/N frequency divider 19 so that the frequency thereof 



will be divided by N and then the modulation signal is 
supplied to the phase comparator 9. 

The non-linear amplifier 7, 1/R frequency 
divider 8, phase comparator 9, loop filter 10, voltage- 
5 controlled oscillator 11, attenuator 14, down- 

converting mixer 15, local synthesizer 16, band-pass 
filter 17, non-linear amplifier 18 and 1/N frequency 
divider 19 are combined to construct a phase locked 
loop (PLL) . 

10 That is, the radio transmission apparatus radio- 

transmits the modulation signal obtained by the 
quadrature modulation apparatus 100 according to a 
modulation loop system by use of radio transmission 
means realized by the PLL and main amplifier 12. 

15 Next, the operation of the radio transmission 

apparatus with the above construction is explained. 

First, Ich and Qch base-band modulation signals 
output from a base-band section (not shown) are input 
to the quadrature modulation apparatus 100. 

20 In the quadrature modulation apparatus 100, a 

local signal having the fundamental wave of a 
predetermined frequency fif is generated by the local 
synthesizer 1. The local signal is divided into two 
local signals having a 90° phase difference 

25 therebetween in the 90° phase shifter 2 and the two 

local signals are respectively supplied to the 
multipliers 4a, 4b via the low-pass filters 3a, 3b. 
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The Ich and Qch base-band modulation signals which 
are input to the quadrature modulation apparatus 100 
are supplied to the multipliers 4a, 4b. Thus, the Ich 
base-band modulation signal is multiplied by the local 
signal supplied thereto via the low-pass filter 3a in 
the multiplier 4a and the Qch base-band modulation 
signal is multiplied by the local signal supplied 
thereto via the low-pass filter 3b in the multiplier 4b. 
Then, a modulation signal obtained by subjecting the 
Ich and Qch base-band modulation signals to the 
quadrature modulation can be derived by adding together 
the signals obtained by the multipliers 4a, 4b in the 
adder 5. The modulation signal obtained as an output 
of the adder 5 is supplied as it is to the non-linear 
amplifier 7 as an output of the quadrature modulation 
apparatus 100 without passing through a filter. 

In a case where the PLL is set in the locked state, 
the oscillation frequency of the voltage-controlled 
oscillator 8 is so controlled that no phase difference 
will occur between the two signals input to the phase 
comparator 9. That is, the PLL causes the voltage- 
controlled oscillator 8 to oscillate so as to cancel 
phase deviation caused by a signal output from the 
quadrature modulation apparatus 100. As a result, the 
voltage-controlled oscillator 8 can generate a 
transmission signal having the same phase deviation as 
the modulation signal output from the quadrature 
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modulation apparatus 100. 

The transmission signal thus generated from the 
PLL is amplified by the main amplifier 12, supplied to 
the antenna 13 and transmitted by radio from the 
5 antenna 13. 

Since the 1/R frequency divider 8 and phase 
comparator 9 are required to operate as complete logic 
circuits when the above modulation loop system is used, 
a signal input to the 1/R frequency divider 8 is 

10 required to have an amplitude which correctly operates 

the logic circuit. Therefore, it is required to wave- 
shape the modulation signal output from the quadrature 
modulator 3 into a signal having a necessary amplitude 
level and the non-linear amplifier 7 is provided for 

15 this purpose. 

In the non-linear amplifier 7, a 3rd 
intermodulation component is generated by the non- 
linear operation thereof, but the 3rd intermodulation 
component can be suppressed by the action of the 

20 quadrature modulation apparatus 100 as explained below 

in this embodiment . 

First, assume that the fundamental wave 
(frequency = fif) component and 3rd harmonics wave 
(frequency = 3fif) component of the local signal output 

25 from the 90" phase shifter 2 are set in the relation as 

shown in FIG. 6A. Since the low-pass filters 3a, 3b 
have the frequency-gain characteristic as shown in 



FIG. 4, the fundamental wave and 3rd harmonics wave of 
the local signal are respectively attenuated by X]_ [dB] 
and X2 [dB] as shown in FIG. 6B after the local signal 
has passed through the low-pass filters 3a, 3b. 

The local signal input to the multipliers 4a, 4b 
and the 3rd wave of the modulation signal output from 
the adder 5 are set in the relation as shown in FIG. 7. 
That is, the 3rd wave of the modulation signal output 
from the adder 5 is set in the relation of approx. 1:1 
with respect to the 3rd harmonics wave of the local 
signal input to the multipliers 4a, 4b and is set in 
the relation of approx. 3:1 with respect to the 
fundamental wave of the local signal. 

Therefore, since the guadrature modulation is 
performed by use of the local signal whose fundamental 
wave and 3rd harmonics wave are suppressed as described 
above, the 3rd wave (frequency = fif-3f BB ) of the 
modulation signal is suppressed at a rate X3 [dB] 
approximately corresponding to (3X]_+X2) as shown in FIG. 
6C in comparison with a case wherein the quadrature 
modulation is performed by using the local signal 
output from the 90° phase shifter 2 as it is. 

Then, the 3rd intermodulation component (frequency 
= fif _ 3fg B ) caused by amplifying the modulation signal 
whose 3rd wave is thus sufficiently suppressed by use 
of the non-linear amplifier 7 is suppressed at the rate 
X3 [dB] as shown in FIG. 6D in comparison with a case 
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wherein the quadrature modulation is performed by using 
the local signal output from the 90° phase shifter 2 as 
it is . 

Thus, even if the modulation signal is amplified 
5 by the non-linear amplifier 7, the 3rd intermodulat ion 

component caused by amplification is made sufficiently 
small, the 3rd wave is also sufficiently suppressed and 
a modulation signal containing a less spurious wave can 
be supplied to the 1/R frequency divider 8. As a 

10 result, spurious signals transmitted by radio from the 

antenna 13 can be reduced. 

Further, in this embodiment, since the suppression 
ratios X]_ [dB] , X 2 [dB] of the low-pass filters 3a, 3b 
can be made sufficiently low with respect to the 

15 suppression ratios X3 [dB] of the 3rd intermodulation 

component and not only the 3rd wave but also the 
fundamental wave is suppressed, the frequency-gain 
characteristic of the low-pass filters 3a, 3b can be 
set to a smoothly changing characteristic as shown in 

20 FIG. 4. Therefore, the low-pass filters 3a, 3b can be 

realized with an extremely simple construction in 
comparison with the low-pass filter having the 
frequency-gain characteristic as shown in FIG. 2. 
(Second Embodiment) 

25 FIG. 8 is a block diagram showing the construction 

of a radio transmission apparatus constructed by using 
the quadrature modulation apparatus 100 shown in FIG. 3. 



Portions which are the same as those shown in FIGS. 3, 
5 are denoted by the same reference numerals and a 
detailed explanation therefor is omitted. 

As shown in FIG. 8, the radio transmission 
5 apparatus of this embodiment includes the quadrature 

modulation apparatus 100, non-linear amplifier 7, 1/R 
frequency divider 8, phase comparator 9, loop filter 10, 
voltage-controlled oscillator 11, main amplifier 12, 
antenna 13, attenuator 14, down-converting mixer 15, 
10 local synthesizer 16, band-pass filter 17, non-linear 

amplifier 18, 1/N frequency divider 19, voltage- 
controlled oscillator 21, main amplifier 22 and 
selector 23. 

That is, the radio transmission apparatus of this 
15 embodiment includes the voltage-controlled oscillator 

21, main amplifier 22 and selector 23 in addition to 
the radio transmission apparatus of the first 
embodiment . 

A control signal output from the loop filter 10 is 
20 branched and input to the voltage-controlled oscillator 

21. The voltage-controlled oscillator 21 oscillates at 
a frequency corresponding to the voltage level of the 
control signal supplied from the loop filter 10 and 
outputs a signal thus obtained as a transmission signal. 
25 The voltage-controlled oscillator 21 generates a 

transmission signal having the central frequency 
belonging to a predetermined system communication 
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frequency band, but the system communication frequency 
band is different from the system communication 
frequency band to which the transmission signal output 
from the voltage-controlled oscillator 11 belongs. 
5 The transmission signal output from the voltage- 

controlled oscillator 21 is amplified by the main 
amplifier 22 to a power level required for radio 
transmission. The transmission signals output from the 
voltage-controlled oscillators 11, 21 are both supplied 

10 to the selector 23. The selector 23 selects one of the 

transmission signals and supplies the selected 
transmission signal to the antenna 13. The 
transmission signal selected by the selector 23 is 
emitted from the antenna 13 into space as radio waves. 

15 The transmission signal output from the voltage- 

controlled oscillator 21 is also branched and input to 
the attenuator 14. 

Thus, a PLL is constructed by the non-linear 
amplifier 7, 1/R frequency divider 8, phase comparator 

20 9, loop filter 10, voltage-controlled oscillator 21, 

attenuator 14, down-converting mixer 15, local 
synthesizer 16, band-pass filter 17, non-linear 
amplifier 18 and 1/N frequency divider 19 in addition 
to the PLL constructed by the non-linear amplifier 7, 

25 1/R frequency divider 8, phase comparator 9, loop 

filter 10, voltage-controlled oscillator 11, attenuator 
14, down-converting mixer 15, local synthesizer 16, 
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band-pass filter 17, non-linear amplifier 18 and 1/N 
frequency divider 19. While one of the voltage- 
controlled oscillators 11, 21 is operated, the 
operation of the other voltage-controlled oscillator is 
5 interrupted. As a result, one of the two PLLs is made 

effective at a certain time point. 

In each PLL, a transmission signal belonging to 
one of the system communication frequency bands which 
are different from each other is generated. The 

10 transmission signal is amplified by one of the main 

amplifiers 11 and 21, supplied to the antenna 13 via 
the selector 23 and transmitted by radio. 

That is, like the radio transmission apparatus of 
the first embodiment, the radio transmission apparatus 

15 of this embodiment transmits the modulation signal 

obtained by the quadrature modulation apparatus 100 by 
radio by use of the modulation loop system, and either 
of the two different system communication frequency 
bands can be used. 

20 Like the first embodiment, in the second 

embodiment, even if the modulation signal is amplified 
by the non-linear amplifier 7, the 3rd intermodulation 
component caused by amplification is made sufficiently 
small, the 3rd wave is also sufficiently suppressed and 

25 a modulation signal containing a less spurious wave can 

be supplied to the 1/R frequency divider 8. As a 
result, spurious signals transmitted by radio from the 



antenna 13 can be reduced. 

Further, in this embodiment, since the suppression 
ratios Xi [dB] , X 2 [dB] of the low-pass filters 3a, 3b 
can be made sufficiently low with respect to the 
suppression ratios X3 [dB] of the 3rd intermodulation 
component and not only the 3rd wave but also the 
fundamental wave is suppressed, the frequency-gain 
characteristic of the low-pass filters 3a, 3b can be 
set to a smoothly changing characteristic as shown in 
FIG. 4. Therefore, the low-pass filters 3a, 3b can be 
realized with an extremely simple construction in 
comparison with the low-pass filter having the 
f reguency-gain characteristic as shown in FIG. 2. 

(Third Embodiment) 

FIG. 9 is a block diagram showing the construction 
of a radio transmission apparatus constructed by using 
the quadrature modulation apparatus 100 shown in FIG. 3. 
Portions which are the same as those shown in FIG. 3 
are denoted by the same reference numerals and a 
detailed explanation therefor is omitted. 

As shown in FIG. 9, the radio transmission 
apparatus of this embodiment includes the quadrature 
modulation apparatus 100, main amplifier 12, antenna 13, 
up-converter 31 and local synthesizer 32. 

A modulation signal output from the quadrature 
modulation apparatus 100 is supplied to the up- 
converter 31. The up-converter 31 is supplied with a 
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local signal from the local synthesizer 32 in addition 
to the modulation signal supplied from the quadrature 
modulation apparatus 100. Then, the up-converter 31 
generates a transmission signal obtained by multiplying 
5 the modulation signal by the local signal and up- 

converting the modulation signal to a frequency band 
corresponding to the frequency of the local signal. 
The local synthesizer 32 generates a local signal 
having the central frequency of a predetermined system 

10 communication frequency band. Therefore, the central 

frequency of transmission signal belongs to the 
predetermined system communication frequency band. 

The transmission signal generated from the up- 
converter 31 is supplied to the main amplifier 12. 

15 That is, the radio transmission apparatus 

transmits the modulation signal obtained by the 
quadrature modulation apparatus 100 by radio according 
to an up-conversion system by use of radio transmission 
means realized by the main amplifier 12, up-converter 

20 31 and local synthesizer 32. 

With the above construction, since the up- 
converter 31 performs the non-linear operation like the 
non-linear amplifier 7 in the first embodiment, a 3rd 
intermodulation component is contained in the 

25 transmission signal which is an output of the up- 

converter 31. However, the 3rd intermodulation 
component can be suppressed to a sufficiently small 
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value by the same action as in the first embodiment, 
the 3rd wave is also sufficiently suppressed and a 
modulation signal containing a less spurious wave can 
be supplied to the 1/R frequency divider 8. As a 
5 result, spurious signals transmitted by radio from the 

antenna 13 can be reduced. 

Further, in this embodiment, since the suppression 
ratios X 1 [dB] , X 2 [dB] of the low-pass filters 3a, 3b 
can be made sufficiently low with respect to the 

10 suppression ratios X 3 [dB] of the 3rd intermodulation 

component and not only the 3rd wave but also the 
fundamental wave is suppressed, the frequency-gain 
characteristic of the low-pass filters 3a, 3b can be 
set to a smoothly changing characteristic as shown in 

15 FIG. 4. Therefore, the low-pass filters 3a, 3b can be 

realized with an extremely simple construction in 
comparison with the low-pass filter having the 
frequency-gain characteristic as shown in FIG. 2. 
(Fourth Embodiment) 

20 FIG. 10 is a block diagram showing the 

construction of a radio transmission apparatus 
constructed by using the quadrature modulation 
apparatus 100 shown in FIG. 3. Portions which are the 
same as those shown in FIGS. 3, 9 are denoted by the 

25 same reference numerals and a detailed explanation 

therefor is omitted. 

As shown in FIG. 10, the radio transmission 
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apparatus of this embodiment includes the quadrature 
modulation apparatus 100, main amplifier 12, antenna 13 
up-converter 31, local synthesizer 32, selector 41, up- 
converter 42, main amplifier 43 and selector 44. 
5 That is, the radio transmission apparatus of this 

embodiment includes the selector 41, up-converter 42, 
main amplifier 43 and selector 44 in addition to the 
radio transmission apparatus of the third embodiment. 
A modulation signal output from the quadrature 

10 modulation apparatus 100 is supplied to the selector 41 

The selector 41 selectively supplies the modulation 
signal output from the quadrature modulation apparatus 
100 to one of the up-converters 31 and 42. The up- 
converter 42 is supplied with a local signal from the 

15 local synthesizer 32 in addition to the modulation 

signal supplied via the selector 41. Then, the up- 
converter 31 generates a transmission signal obtained 
by multiplying the modulation signal by the local 
signal and up-converting the modulation signal to a 

20 frequency band corresponding to the frequency of the 

local signal. The local synthesizer 32 generates a 
local signal having the central frequency of a 
predetermined system communication frequency band and 
it outputs a local signal of a frequency associated 

25 with one of the different system communication 

frequency bands according to one of the up-converters 
31 and 42 selected by the selector 41. 
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The transmission signal output from the up- 
converter 42 is amplified by the main amplifier 43 to a 
power level required for radio transmission and 
supplied to the antenna 13 via the selector 44. The 
5 selector 44 selects one of the main amplifiers 12 and 

43 in an interlocked manner with the selector 41. The 
selector 44 supplies the transmission signal output 
from the selected main amplifier to the antenna 13. 

That is, the radio transmission apparatus 
10 transmits the modulation signal obtained by the 

quadrature modulation apparatus 100 by radio according 
to an up-conversion system and permits either of the 
two different system communication frequency bands to 
be used. 

15 With the above construction, the up-converters 31, 

42 perform the non-linear operation like the non-linear 
amplifier 7 in the first embodiment. Therefore, a 3rd 
intermodulation component is contained in the 
transmission signal which is an output of each of the 

20 up-converters 31, 42. However, the 3rd intermodulation 

component can be suppressed to a sufficiently small 
value by the same action as in the first embodiment, 
the 3rd wave is also sufficiently suppressed and a 
modulation signal containing a less spurious wave can 

25 be supplied to the 1/R frequency divider 8. As a 

result, spurious signals transmitted by radio from the 
antenna 13 can be reduced. 
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Further, in this embodiment, since the suppression 
ratios Xi [dB] , X 2 [dB] of the low-pass filters 3a, 3b 
can be made sufficiently low with respect to the 
suppression ratios X3 [dB] of the 3rd intermodulation 
5 component and not only the 3rd wave but also the 

fundamental wave is suppressed, the frequency-gain 
characteristic of the low-pass filters 3a, 3b can be 
set to a smoothly changing characteristic as shown in 
FIG. 4. Therefore, the low-pass filters 3a, 3b can be 
10 realized with an extremely simple construction in 

comparison with the low-pass filter having the 
frequency-gain characteristic as shown in FIG. 2. 
{Fifth Embodiment) 

FIG. 11 is a block diagram showing the 
15 construction of a radio transmission apparatus 

constructed by using the quadrature modulation 
apparatus 100 shown in FIG. 3. Portions which are the 
same as those shown in FIG. 3 are denoted by the same 
reference numerals and a detailed explanation therefor 
20 is omitted. 

As shown in FIG. 11, the radio transmission 
apparatus of this embodiment includes the quadrature 
modulation apparatus 100, main amplifier 12 and antenna 
13. 

25 That is, the radio transmission apparatus of this 

embodiment is constructed by eliminating the PLL of the 
radio transmission apparatus of the first embodiment 
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and a modulation signal output from the quadrature 
modulation apparatus 100 is directly supplied to the 
main amplifier 12. 

That is, the radio transmission apparatus 
transmits the modulation signal obtained in the 
quadrature modulation apparatus 100 as it is by radio 
according to a direct conversion system by use of radio 
transmission means realized by the main amplifier 12 
without performing the frequency conversion. 

With the above construction, since the main 
amplifier 12 is required to perform the non-linear 
operation like the non-linear amplifier 7 in the first 
embodiment, a 3rd intermodulation component is 
contained in the transmission signal which is an output 
of the main amplifier 12. However, the 3rd 
intermodulation component can be suppressed to a 
sufficiently low value by the same action as in the 
first embodiment and the 3rd wave is also sufficiently 
suppressed, and therefore, spurious signals transmitted 
by radio from the antenna 13 can be reduced. 

Further, in this embodiment, since the suppression 
ratios X x [dB] , X 2 [dB] of the low-pass filters 3a, 3b 
can be made sufficiently low with respect to the 
suppression ratios X3 [dB] of the 3rd intermodulation 
component and not only the 3rd wave but also the 
fundamental wave is suppressed, the frequency-gain 
characteristic of the low-pass filters 3a, 3b can be 
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set to a smoothly changing characteristic as shown in 
FIG. 4. Therefore, the low-pass filters 3a, 3b can be 
realized with an extremely simple construction in 
comparison with the low-pass filter having the 
5 frequency-gain characteristic as shown in FIG. 2. 

(Sixth Embodiment) 

FIG. 12 is a block diagram showing the 
construction of a radio transmission apparatus 
constructed by using the quadrature modulation 
10 apparatus 100 shown in FIG. 3. Portions which are the 

same as those shown in FIG. 3 are denoted by the same 
reference numerals and a detailed explanation therefor 
is omitted. 

As shown in FIG. 12, the radio transmission 
15 apparatus of this embodiment includes the quadrature 

modulation apparatus 100, main amplifier 12, antenna 13, 
selector 61, main amplifier 62 and selector 63. 

That is, the radio transmission apparatus of this 
embodiment includes the selector 61, main amplifier 62 
20 and selector 63 in addition to the radio transmission 

apparatus of the fifth embodiment. 

A modulation signal output from the quadrature 
modulation apparatus 100 is supplied to the selector 61. 
The selector 61 selectively supplies the modulation 
2 5 signal output from the quadrature modulation apparatus 

100 to one of the main amplifiers 12 and 62. The main 
amplifier 62 amplifies the transmission signal supplied 
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thereto via the selector 61 to a power level required 
for radio transmission and then supplies the amplified 
signal as a transmission signal. The selector 63 
selects one of the main amplifiers 12 and 62 in an 
5 interlocked manner with the selector 61. The selector 

63 supplies the transmission signal output from the 
selected main amplifier to the antenna 13. 

That is, the radio transmission apparatus 
transmits the modulation signal obtained by the 
10 quadrature modulation apparatus 100 by radio according 

to a direct conversion system and permits either of the 
two different system communication frequency bands to 
be used. 

With the above construction, since each of the 
15 main amplifiers 12, 62 is required to perform the non- 

linear operation like the non-linear amplifier 7 in the 
first embodiment, a 3rd intermodulation component is 
contained in the transmission signal which is an output 
of each of the main amplifiers 12, 62. However, the 
2 0 3rd intermodulation component can be suppressed to a 

sufficiently small value by the same action as in the 
first embodiment and the 3rd wave is also sufficiently 
suppressed, and therefore, spurious signals transmitted 
by radio from the antenna 13 can be reduced. 
25 Further, in this embodiment, since the suppression 

ratios X! [dB] , X 2 [dB] of the low-pass filters 3a, 3b 
can be made sufficiently low with respect to the 
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suppression ratios X3 [dB] of the 3rd intermodulation 
component and not only the 3rd wave but also the 
fundamental wave is suppressed, the frequency-gain 
characteristic of the low-pass filters 3a, 3b can be 
5 set to a smoothly changing characteristic as shown in 

FIG. 4. Therefore, the low-pass filters 3a, 3b can be 
realized with an extremely simple construction in 
comparison with the low-pass filter having the 
frequency-gain characteristic as shown in FIG. 2. 

10 (Seventh Embodiment) 

FIG. 13 is a block diagram showing the 
construction of a radio transmission apparatus 
constructed by using the quadrature modulation 
apparatus 100 shown in FIG. 3. Portions which are the 

15 same as those shown in FIGS. 3, 5 are denoted by the 

same reference numerals and a detailed explanation 
therefor is omitted. 

As shown in FIG. 13, the radio transmission 
apparatus of this embodiment includes the quadrature 

20 modulation apparatus 100, non-linear amplifier 7, 1/R 

frequency divider 8, phase comparator 9, loop filter 10, 
voltage-controlled oscillator 11, main amplifier 12, 
antenna 13, attenuator 14, down-converting mixer 15, 
local synthesizer 16, band-pass filter 17, non-linear 

25 amplifier 18, 1/N frequency divider 19, selector 71 

used as selection means, up-converter 72, main 
amplifier 73 and selector 74 used as selection means. 
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That is, the radio transmission apparatus of this 
embodiment includes the selector 71, up-converter 72, 
main amplifier 73 and selector 74 in addition to the 
radio transmission apparatus of the first embodiment. 

A modulation signal output from the quadrature 
modulation apparatus 100 is supplied to the selector 71 
The selector 71 selectively supplies the modulation 
signal output from the quadrature modulation apparatus 
100 to one of the non-linear amplifier 7 and up- 
converter 72. The up-converter 72 is supplied with a 
local signal from the local synthesizer 16 in addition 
to the modulation signal supplied via the selector 71. 
The up-converter 72 generates a transmission signal 
obtained by multiplying the modulation signal by the 
local signal and up-converting the modulation signal to 
a frequency band corresponding to the frequency of the 
local signal. The local synthesizer 16 generates a 
local signal of a frequency which is different 
according to one of the non-linear amplifier 7 and up- 
converter 72 selected by the selector 71. The local 
synthesizer 16 generates a local signal having the 
central frequency of a predetermined system 
communication frequency band which is different from 
the system communication frequency band to which the 
central frequency of the transmission signal generated 
from the voltage-controlled oscillator 11 belongs. 

The transmission signal output from the 



up-converter 72 is amplified by the main amplifier 73 
to a power level required for radio transmission and 
supplied to the antenna 13 via the selector 74. The 
selector 74 selects one of the main amplifiers 12 and 
73 in an interlocked manner with the selector 71. Then, 
the selector 74 supplies the transmission signal output 
from the selected main amplifier to the antenna 13. 

That is, the radio transmission apparatus 
transmits the modulation signal obtained by the 
quadrature modulation apparatus 100 by radio by 
selectively using one of a modulation loop system and 
up-conversion system respectively corresponding to the 
different system communication frequency bands. 

With the above construction, spurious signals 
transmitted by radio from the antenna 13 is reduced in 
the same manner as in the first embodiment when the 
modulation loop system is used. Further, since the up- 
converter 72 performs the non-linear operation like the 
non-linear amplifier 7 when the up-conversion system is 
used, a 3rd intermodulation component is contained in 
the transmission signal which is an output of the up- 
converter 72. However, the 3rd intermodulation 
component can be suppressed to a sufficiently small 
value by the same action as in the first embodiment and 
the 3rd wave is also sufficiently suppressed, and 
therefore, spurious signals transmitted by radio from 
the antenna 13 can be reduced. 
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Further, in this embodiment, since the suppression 
ratios X]_ [dB] , X 2 [dB] of the low-pass filters 3a, 3b 
can be made sufficiently low with respect to the 
suppression ratios X3 [dB] of the 3rd intermodulation 
5 component and not only the 3rd wave but also the 

fundamental wave is suppressed, the frequency-gain 
characteristic of the low-pass filters 3a, 3b can be 
set to a smoothly changing characteristic as shown in 
FIG. 4. Therefore, the low-pass filters 3a, 3b can be 
10 realized with an extremely simple construction in 

comparison with the low-pass filter having the 
frequency-gain characteristic as shown in FIG. 2. 
(Eighth Embodiment) 

FIG. 14 is a block diagram showing the 
15 construction of a radio transmission apparatus 

constructed by using the quadrature modulation 
apparatus 100 shown in FIG. 3. Portions which are the 
same as those shown in FIGS. 3, 5 are denoted by the 
same reference numerals and a detailed explanation 
20 therefor is omitted. 

As shown in FIG. 14, the radio transmission 
apparatus of this embodiment includes the quadrature 
modulation apparatus 100, non-linear amplifier 7, 1/R 
frequency divider 8, phase comparator 9, loop filter 10, 
25 voltage-controlled oscillator 11, main amplifier 12, 

antenna 13, attenuator 14, down-converting mixer 15, 
local synthesizer 16, band-pass filter 17, non-linear 
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amplifier 18, 1/N frequency divider 19, selector 81 
used as selection means, main amplifier 82 and selector 
83 used as selection means. 

That is, the radio transmission apparatus of this 
embodiment includes the selector 81, main amplifier 82 
and selector 83 in addition to the radio transmission 
apparatus of the first embodiment. 

A modulation signal output from the quadrature 
modulation apparatus 100 is supplied to the selector 81. 
The selector 81 selectively supplies the modulation 
signal output from the quadrature modulation apparatus 
100 to one of the non-linear amplifier 7 and main 
amplifier 82. The main amplifier 82 amplifies a 
modulation signal supplied via the selector 81 to a 
power level required for radio transmission and outputs 
the amplified signal as a transmission signal. The 
selector 83 selects one of the main amplifiers 12 and 
82 in an interlocked manner with the selector 81. Then, 
the selector 83 supplies the transmission signal output 
from the selected main amplifier to the antenna 13. 

That is, the radio transmission apparatus 
transmits the modulation signal obtained by the 
quadrature modulation apparatus 100 by radio by 
selectively using one of a modulation loop system and 
direct conversion system respectively corresponding to 
different system communication frequency bands. 

With the above construction, spurious signals 



transmitted by radio from the antenna 13 are reduced in 
the same manner as in the first embodiment when the 
modulation loop system is used. Further, since the 
main amplifier 82 performs the non-linear operation 
like the non-linear amplifier 7 when the direct 
conversion system is used, a 3rd intermodulation 
component is contained in the transmission signal which 
is an output of the main amplifier 82. However, the 
3rd intermodulation component can be suppressed to a 
sufficiently low value by the same action as in the 
first embodiment and the 3rd wave is also sufficiently 
suppressed, and therefore, spurious signals transmitted 
by radio from the antenna 13 can be reduced. 

Further, in this embodiment, since the suppression 
ratios X x [dB] , X 2 [dB] of the low-pass filters 3a, 3b 
can be made sufficiently low with respect to the 
suppression ratios X 3 [dB] of the 3rd intermodulation 
component and not only the 3rd wave but also the 
fundamental wave is suppressed, the frequency-gain 
characteristic of the low-pass filters 3a, 3b can be 
set to a smoothly changing characteristic as shown in 
FIG. 4. Therefore, the low-pass filters 3a, 3b can be 
realized with an extremely simple construction in 
comparison with the low-pass filter having the 
frequency-gain characteristic as shown in FIG. 2. 

(Ninth Embodiment) 

FIG. 15 is a block diagram showing the 
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construction of a radio transmission apparatus 
constructed by using the quadrature modulation 
apparatus 100 shown in FIG . 3. Portions which are the 
same as those shown in FIGS. 3, 5, 9 are denoted by the 
5 same reference numerals and the detailed explanation 

therefor is omitted. 

As shown in FIG. 15, the radio transmission 
apparatus of this embodiment includes the quadrature 
modulation apparatus 100, main amplifier 12, antenna 13 

10 up-converter 31, local synthesizer 32, selector 91 used 

as selection means, main amplifier 92 and selector 93 
used as selection means. 

That is, the radio transmission apparatus of this 
embodiment includes the selector 91, main amplifier 92 

15 and selector 93 in addition to the radio transmission 

apparatus of the third embodiment. 

A modulation signal output from the quadrature 
modulation apparatus 100 is supplied to the selector 91 
The selector 91 selectively supplies the modulation 

20 signal output from the quadrature modulation apparatus 

100 to one of the up-converter 31 and main amplifier 92 
The main amplifier 92 amplifies a modulation signal 
supplied via the selector 91 to a power level required 
for radio transmission and outputs the amplified signal 

25 as a transmission signal. The selector 93 selects one 

of the main amplifiers 12 and 92 in an interlocked 
manner with the selector 91. Then, the selector 93 
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supplies the transmission signal output from the 
selected main amplifier to the antenna 13. 

That is, the radio transmission apparatus 
transmits the modulation signal obtained by the 
5 quadrature modulation apparatus 100 by radio by 

selectively using one of an up-conversion system and 
direct conversion system respectively corresponding to 
different system communication frequency bands. 

With the above construction, spurious signals 

10 transmitted by radio from the antenna 13 are reduced in 

the same manner as in the third embodiment when the up- 
conversion system is used. Further, since the main 
amplifier 92 performs the non-linear operation like the 
non-linear amplifier 7 in the first embodiment when the 

15 direct conversion system is used, a 3rd intermodulation 

component is contained in the transmission signal which 
is an output of the main amplifier 92. However, the 
3rd intermodulation component can be suppressed to a 
sufficiently low value by the same action as in the 

20 first embodiment and the 3rd wave is also sufficiently 

suppressed, and therefore, spurious signals transmitted 
by radio from the antenna 13 can be reduced. 

As described above, according to the quadrature 
modulation apparatus 100 of this embodiment, if a 

25 circuit performing the non-linear operation is 

connected to the succeeding stage thereof, the 3rd 
intermodulation component and 3rd wave of an output of 
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the circuit can be sufficiently suppressed to a small 
value and it is possible to reduce spurious signals by- 
applying the quadrature modulation apparatus to various 
types of radio transmission apparatuses as described in 
5 the above embodiments. 

Further, in this embodiment, since the suppression 
ratios X]_ [dB] , X 2 [dB] of the low-pass filters 3a, 3b 
can be made sufficiently low with respect to the 
suppression ratios X3 [dB] of the 3rd intermodulat ion 

10 component and not only the 3rd wave but also the 

fundamental wave is suppressed, the frequency-gain 
characteristic of the low-pass filters 3a, 3b can be 
set to a smoothly changing characteristic as shown in 
FIG. 4. Therefore, the low-pass filters 3a, 3b can be 

15 realized with an extremely simple construction in 

comparison with the low-pass filter having the 
frequency-gain characteristic as shown in FIG. 2. 

This invention is not limited to the embodiments 
described above. For example, in each of the above 

20 embodiments, the local synthesizer 1 is contained in 

the quadrature modulation apparatus, but the quadrature 
modulation apparatus can be designed so as not to 
contain the local synthesizer 1 and can be supplied 
with a local signal from the exterior. 

25 Further, all of the local synthesizer 1, 90° phase 

shifter 2, low-pass filters 3a, 3b, multipliers 4a, 4b 
and adder 5 in each of the above embodiments can be 
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realized by use of a hardware circuit or part or all of 
them can be realized by use of a digital signal 
processing circuit. 

In addition, this invention can be modified 
5 without departing from the technical scope thereof. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
10 shown and described herein. Accordingly, various 

modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their eguivalents. 



